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(54) Method of optically measuring a component in solution 



(57) A sample solution containing protein is irradi- 
ated with excitation light of a single wavelength which is 
emitted from a light source, so that light scattered from 
the sample solution is received and separated into its 
spectral components in a spectroscope, thereby obtain- 
ing light scattering spectra. Protein is quantitatively 
measured through intensity of a light scattering spec- 
trum in a shift wavenumber of 100 to 3100 cm"^ with 
respect to the excitation wavelength among the light 
scattering spectra or an integral value in a proper range 
therein. As to a body fluid sample, the sample is irradi- 
ated with excitation light and Raman scattering spectral 
intensity values are measured at a plurality of wavenum- 
bers in an artxtrary wavenumber range, and a plurality 
of components in the sanrple are analyzed simultane- 
ously by multivariate regression analysts. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a method of opti- 
cally measuring protein in a sample solution and various 
componerrts in body fluids such as urine, blood, blood 
serum, blood plasnr^, saliva and sweat. 

Description of the Background Art 

While urine protein is discharged by 20 to 80 mg a 
day in a rK>rmal state, the amounts of protein dis- 
charged in urine lluctuate in various pathosises. 
Namely, the amount of intra-urinary protein serves as 
an index of pathologic diagnosis, and hence measure- 
ment accuracy and likelihood thereof must be at high 
levels Further, it is necessary to recognize various pro- 
tein components discharged in urine, which serve as 
indices of different diseases, independently of each 
other by an examination having specificity 

While Esbach method employing picric add and 
Sueyoshi test employing mercuric chloride which are 
adapted to add protein precipitation reagents to urine 
for estimating protein concentrations from the thick- 
nesses of resulting precipitation layers have been 
employed as old methods of measuring urine protein 
amounts, these methods have been problematic In spe- 
cificity and accuracy. At present, nephelometry of neph- 
elometrically analyzing turbidity by salicylsulfbnic add 
or trichloroacetic acid and colorimetry utilizing bonding 
between protein and a pigment are employed. 

In tile nephelometry, turbidity varies with the type of 
protein. It is insuffident in specif icrty. A strong alkaline 
target substance completely neutralizes an acidic pre- 
cipitation reagent, to cause false negatrveness. Further, 
obsen^ation of turbidity is not standardized, disadvanta- 
geousty leading to personal equation. 

In the colorimetry. on the otfier harxl, hemoglobin 
and globulin do not so sharply react as albumin, while a 
highly buffered alkaline target substance causes false 
positiveness. Further, it is difficult to discriminate color 
tones. 

Properties of active principles forming urine are 
changed with time and hence urine analysis must be 
quickly carried out. However, urine is made to react with 
a pH indicator for determination through its changed 
color tone in the colorimetry. while protein is precipitated 
by heating or addition of acid for determination of its tur- 
bidity in the nephelometry Namely, tiie colorimetry and 
nephelometry are complicated and insuffident in quick- 
ness since these reactions are necessary. 

There are a reagent method, a test paper method, 
a chemiluminescence method, an immunoassay 
method, an enzyme method and a chromatography 
method as methods of measuring components in body 
fluids 



A test paper employed in the test paper method s 
generally prepared by fixing a reacting part consisting of 
cellulose containing a reaction reagent to a plastic 
hdder by an adhesive or the like and drying the same. 

5 When the reacting part contains moisture, reaction is 
caused between reagents, and the same is also dena- 
tured by a high temperature or light to be reduced in 
sensitivity, and hence a container for storing the test 
paper must be sealed, preserved to avoid a high tem- 

10 perature. and used within tfie period of validity. While 
ttie test paper method of urine analysis is capable of 
simultaneously measuring a number of items such as 
pH, protein, glucose, a ketone body, bilirubin, occult 
bfood, urobilinogen, microbism and specific gravity 

15 within one minute, reaction of a reagent part is influ- 
enced by reaction temperature, moisture and the like in 
addition to an intrinsic accelerator or inhibitor, and only 
semiquantitative analysis can be performed. A determi- 
nation method in the test paper method is mainly the 

20 colorimeti^y. arwJ chemical reaction such as enzyme 
reaction or oxdation-reduction reaction is prindpai in its 
reaction mechanism. In the reag^t metiiod, on the 
other hand, the colorimetry through an indicator or 
enzyme/chemical reaction or tfie nephelometry 

25 employed for protein measurement is principal. 

While an enzyme method is simple with a target 
substance having high specifidty, there is such an 
apprehension that posHive reaction is concealed by the 
color tone of a body fluid itself, and reaction may be sup- 

30 pressed by various intrinsic and extrinsic oxidation and 
reduction reaction substances when tiie metiiod is 
through oxidation-reduction reaction, leading to such an 
apprehension that false negativeness or positiveness is 
recognized. 

35 Every method is an indirect measuring method for 
making measurement through mediational reaction, 
and hence there are potential errors. In case of making 
determination by the colorimeti'y, enors are readily 
caused in determination of the results, while that 

40 tiirough chemical reaction has low specificity. Further, a 
number of substances interfering witii the test are 
present in the body fluid, and hence reaction is inhib- 
ited, false positive reaction is caused, or a color tone dif- 
ferent from that of positive reaction is presented to 

45 conceal the positive reaction. A system employing an 
enzyme is essentially instable, while a system tiirough 
chemical reaction is readily influenced by a coexistent 
substance. While tt is useful to simultaneously test a 
number of items for making total determination when 

so dinical meanings of test items are in mutual relation to 
each other (bilirubin and urobilinogen, protein and 
occult blood, and glucose and a ketone body), it is trou- 
blesome to test the respective items independentiy of 
each otiier. and influences are readily exerted by inter- 

55 fering substances. A multi-item test paper tends to be 
kept away at a distance since the same is, high-priced 
and hard to det rmine. 

The reagent method, the test paper method and tiie 
enzyme method require reagents, test paper pieces and 
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enzymes which are expendalDle items, and there are 
also problems of preservation stability of the reagents 
etc. before employment and disposal thereof after 

1 .t. IT. .-au^- ^^^^ — — . — u ^ .^^M :~ 

amounts of the reagents and samples by mistakes in 
operation, the operations are troublesome, and interfer- 
ing actions are disadvantageously applied by other 
conrtponents such as ascorbic acid. While the reagent 
method and the enzyme method are capatJie of quanti- 
tative measurement of single corrponents, it is impossi- 
ble to simultaneously measure a number of 
components. On the other hand, the test paper method 
can merely make semiquantitative analysis, although 
the same can simultaneously measure a number of 
components. 

The chemiluminescence method requires a light 
emitting substance, while the immunoassay method 
through antigen-antibody reaction generally requires 
washing, comprises a large number of steps, and has 
apprehensions for influences by interfering substances 
and non-specific absorption. 

The chromatography method requires pretreat- 
ments such as separation, and it is imposible to directly 
determine target substances in a sample of mixture. 

SUMMARY OF THE INVENTION 

A first object of the present Invention is to provide a 
method of determining protein in a solution which can 
simply and quickly make the measurement without 
through the aforementioned mediational reaction. 

A second object of the present invention is to pro- 
vide a method of simultaneously quantitatively measur- 
ing a number of components in a body fluid by making 
reagents, test paper pieces or enzymes which are 
expendable items unnecessary and eliminating prob- 
lems such as preservation stability of these expendable 
items before employment and disposal after ennploy- 
ment. troublesome operations causing en-ors and inter- 
fering actions by other components. 

The inventors have discovered that protein and 
other conponents in a target sut^stance have specific 
light scattering spectra. The present invention is 
adapted to quantitatively measure respective main com- 
ponent concentrations from the peak intensity values of 
the light scattering spectra or cunnulative intensity val- 
ues over a proper wavenunr^jer range. 

According to a first aspect of the present invention, 
a method of measuring a protein concentration in a 
solution is adapted to irradiate a sample solution con- 
taining protein with excitation light, receive light scat- 
tered from the sample solution, and separate the same 
into its spectral connponerrts for obtaining light scatter- 
ing spectra, thereby quantitatively measuring protein 
through the peak Intensity of a spectrum in a shift wav- 
enumber of 1 00 to 31 00 cm '' with respect to the excita- 
tion wavelength among the light scattering spectra or an 
integral value in a proper range within the same. 

While a principal one of light scattering spectra 



from an aqueous protein sample is a broad fluores- 
cence spectrum, a sharp Raman scattering spectrum 
appears in superposition with the fluorescence spec- 
II um ueperiuiriQ on mG ^jp^ ^< prv/tSin ariv.* a" sxci- 

5 tation wavelength. Accordingly light scattering spectra 
to which the first aspect of the present invention is 
applied include both of fluorescence and Raman scat- 
tering spectra. 

When the protein is albumin, it is preferable to 

10 employ the peak intensity of a spectrum shifted from the 
excitation wavelength to 810 to 840 cm'^ , or an integral 
value of a proper range of a spectrum shifted from an 
excitation wavelength of 632.8 nm to 256 to 1620 cm'^ 
or from an excitation wavelength of 514.5 nm to 837 to 

75 3060 cm" V 

When the protein is y-globulin, it is preferable to 
employ the peak intensity of a spectrum shifted from the 
excitation wavelength to 175 to 195 cm'\ 425 to 450 
cm'\ 640 to 670 cm \ 820 to 845 cm\ 845 to 870 cm* 

20 \ 1370 to 1400 cm ^ 1575 to 1620 cm'\ 1850 to 1900 
cm \ 2000 to 2200 cm'^ . 2350 to 2400 cm '' . or 2400 to 
2460 cm-^ 

When the protein is hemoglobin, it is preferable to 
employ the peak intensity of a spectrum shifted from the 

25 excitation wavelength to 640 to 670 cm'\ 820 to 845 
cm'\ 1370 to 1400 cm'"'. 1575 to 1620 cm'\ 1850 to 
1900 cm*\ 2000 to 2200 cm \ 2350 to 2400 cm \ or 
2400 to 2460 cm'"'. 

According to a second aspect of the present inven- 

30 tion, a method of simultaneously quantitatively measur- 
ing a number of components in a body fluid is adapted 
to obtain a specific Raman scattering spectrum from 
each body fluid component in a target substance for 
qualitatively/quantitatively measuring each compon nt 

35 from its spectral intensity or spectral cumulative inten- 
sity or Raman scattering spectral intensity values at a 
plurality of wavenumbers in an arbitrary wavenumber 
range. 

According to a first mode of the second aspect, a 

40 wavenumber having an excellent correlation between 
the concentration of a component and the Raman scat- 
tering spectral intensity is previously selected as a 
measuring wavenumber which is specific to the compo- 
nent as to each component of a body fluid to be meas- 

45 ured. a body fluid sample is irradiated with excitation 
light for measuring Raman scattering spectral intensity 
at each measuring wavenumber as to each component 
to be measured, arxi the respective components in the 
body fluid are simultaneously qualitatively/quantitatively 

50 analyzed through a calibration curve which is previously 
prepared as to the Raman scattering spectral Intensity 
at each measuring wavenumber and the concentration 
of the component. The Raman scattering spectral inten- 
sity at the measuring wavenumber indicates the height 

55 of a peak of the Raman scattering spectrum. Alterna- 
tively, the area of a Raman scattering spectral peak in a 
measuring wavenumber range including the measuring 
wavenumber may be measured in place of the peak 
height, for making qualification/determination. 
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According to a second mode of the second aspect, 
on the other hand, a body fluid sample is inradiated with 
excitation light for measuring Raman scattering spectral 
intensity values at wavenumbers having excellent corre- 
lations between concentrations of a plurality of conpo- 
nents in the body fluid to be measured and Raman 
scattering spectra) intensity values as measuring wave- 
numbers as specific to the respective components or 
Raman scattering spectral intensity values at a plurality 
of wavenumbers in an arbitrary wavenumber range, 
thereby simultaneously qualitatively/quantitatively ana- 
lyzing a plurality of components in the body fluid sample 
by multivariate regression analysis. 

As to each body fluid component to be measured, a 
wavenumber having a correlation coefficient R of at 
least 0.8, preferably at least 0.9, between the concen- 
tration of a single componeit aqueous solution and this 
specific Raman scattering spectral intensity is selected 
as a measuring wavenumber which is specific to the 
component. The correlation coefficient R is expressed 
as follows: 



£ {(xi-X)(yi.Y)} 

R= 

Jn n 
(xi-X)^][£ (yi-Y)^] 



where xi r^resents the concentration of each point of 
the body fluid component yi represents the Raman 
scattering spectrai intensity with resp«rt to xi. X repre- 
sents an average value of the concentration of each 
point of the body fluid component, and Y r^resents an 
average value of the Raman scattering spectral inten- 
sity. 

Preferable measuring wavenumbers or measuring 
wavenurrtoer ranges for the re^ective components are 
selected from around 590 to 650 cm" \ around 800 to 
860 cm \ and arourrcl 2342 to 2402 cm"^ for albumin 
(see Rg. 17), 

selected from around 158 to 218 cm*\ around 402 
to 462 cm'^ . around 623 to 683 cm"^ . around 807 to 
867 ctr\'\ arourd 822 to 862 cm'\ around 1353 to 
1 41 3 cm" \ around 1 562 to 1 622 cm" \ around 1 847 
to 1907 cm"\ around 2095 to 2155 cm'\ around 
2340 to 2400 cm*'' and around 2403 to 2463 cm*^ 
for globulin (see Fig. 47). 

selected from around 807 to 867 cm" \ around 893 
to 953 cm*\ around 1353 to 1413 cm'\ around 
1562 to 1622 cm \ around 1840 to 1900 cm'\ 
around 2095 to 2155 cm' \ around 2340 to 2400 
cm"\ and around 2403 to 2463 cm'^ for hemoglobin 
(see Fig. 48), 

selected from around 200 to 554 cm'\ around 810 
to 944 ctr\\ and around 2590 to 2940 cm"^ for glu- 
cose (see Fig. 19), 



selected from around 799 to 859 cm"^ , around 1353 
to 1413 cm \ around 1840 to 1900 ar\'\ around 
2347 to 2407 cm'\ and around 2907 to 2967 cm"^ 
for lithium acetoacetate (see Fig. 45), 
5 selected from around 1420 to 1480 cm"\ around 
1557 to 1617 cm*\ around 1600 to 1660 cm*\ and 
around 2870 to 2971 cm'^ for p-hydroxybutyric acid 
(see Fig, 46). 

selected from around 775 to 845 cm'\ around 1 050 
10 to 1110 cm'V around 1207 to 1267 cm \ around 

1399 to 1459 cm\ 1680 to 1740 cm\ and around 

2911 to 2971 cm'^ for acetone (see Rg. 25). 

selected from around 927 to 987 cm . around 1 233 

to 1293 cm'\ and around 1586 to 1616 cm"^ for 
15 ditaurobitirubin (see Fig. 49). 

selected as an arbitrary position from 332 to 2900 

cm'^ for urobilin. 

selected from around 783 to 843 cm'\ and around 
1318 to 1378 cm'^ for sodium nitrite (see Fig. 50). 

20 selected from around 501 to 561 cm'^ . around 567 
to 627 cm'\ around 978 to 1048 cm"^ , around 1033 
to 1093 cm'\ around 1138 to 1198 cm'\ and 
around 1583 to 1643 cm*^ for urea (see Fig. 21), 
selected from around 640 to 700 cm'^ for uric acid 

25 (see Fig. 51), 

selected from around 631 to 691 cm'V around 816 
to 876 cm'\ around 901 to 961 cm'\ around 1355 
to 1415 cm'V around 1562 to 1622 cm*\ around 
1847 to 1907 cm'\ around 2093 to 2153 cm'\ 

30 around 2339 to 2399 cm"\ and around 2400 to 
2460 cm*'' for folic acid (see Rg. 52). 
selected from around 800 to 860 cm'^ , around 1 673 
to 1733 cm'\ and around 2919 to 2979 cm"^ for 
ascorbic acid (see Rg. 53). 

35 selected from around 404 to 464 cm"^ , around 626 
to 686 cm"\ around 798 to 858 cm"\ around 860 to 
920 cm'\ around 1317 to 1377 cm*\ around 1546 
to 1606 cm'\ around 1834 to 1894 cm \ around 
2106 to 2166 cm'\ around 2360 to 2420 cm \ and 

40 around 2419 to 2479 cm'^ for vitamin B2 (see Rg. 
54). 

selected from around 800 to 860 cm \ and around 
1563 to 1623 cm""* for creatine monohydrate (see 
Fig. 55). 

45 selected from around 538 to 598 cm"^ . 580 to 640 
cm*\ around 665 to 725 cm'\ around 817 to 877 
cm*^ , around 868 to 928 cm'^ . around 1021 to 1081 
cm'\ around 1550 to 1610 cm'\ around 2868 to 
2900 cm'\ around 2900 to 2950 cm'\ and around 

50 2950 to 2996 cm*'' for creatinine (see Rg. 56). 

selected from around 393 to 453 cm"\ around 631 
to 691 cm"^ , around 792 to 852 cm '' . around 868 to 
928 cm"\ around 1333 to 1393 cm"^ around 1546 
to 1606 cm'\ around 1834 to 1894 cm"\ and 

55 around 2334 to 2394 cm '' . for a-amylase (see Rg. 
57). 

selected from around 376 to 436 cm*^ , around 622 
to 682 cm-\ around 783 to 843 cm'\ around 868 to 
928 cm'\ around 1334 to 1394 cm"\ around 1546 



4 



7 



EP0751 388 A2 



8 



to 1606 cm"\ around 1834 to 1894 cm*\ and 
around 2665 to 2725 cm for p-amylase (see Fig. 
58). 

selected from around 3190 to 3250 cm*\ around 
3292 to 3350 crr\'\ and 3377 to 3437 cm"^ for 5 
ammonia (see Fig. 59), selected from around 404 
to 464 cm'\ around 805 to 865 cm*\ around 1014 
to 1074 cvn\ around 1438 to 1498 cm'\ and 
around 2966 to 3026 cm'^ for inositol (see Fig. 60). 
selected from around 466 to 526 cm \ 835 to 895 io 
cm"\ around 1032 to 1092 cm"\ 1237 to 1297 cm" 
\ around 1332 to 1392 cm'\ around 1438 to 1498 
cm*V and around 2946 to 3006 cm*^ for galactose 
(see Fig. 61), and 

selected from around 569 to 629 cm*\ around 772 is 
to 832 cm'\ around 1044 to 1106 cm \ around 
1 237 to 1 297 cm* ^ , around 1 438 to 1 498 cm' ^ , and 
around 2966 to 2996 cm"^ for fructose (see Fig. 62). 

When a body fluid specimen contains at least two of so 
the aforementioned components, it is preferable to irra- 
diate the t>ody fluid specimen with excitation light of a 
single wavelength, receive light scattered from the body 
fluid specimen for obtaining Raman scattering spectra, 
and calculate the respective component concentrations 25 
on the basis of spectral intensity values in wavenumber 
regions which are set in the aforementioned manner for 
the respective components and not superposed with 
each other. 

A multivariate regression analysis operation is 30 
adapted to make data analysis through a multivariate 
regression analysis method such as a principal compo- 
nent regression analysis method (PGR) or a partial 
least square method (PLS). In the multivariate regres- 
sion analysis, regression analysis can be made while 35 
simultaneously employing a number of spectral intensity 
values, thereby enabling quantitative analysis of higher 
accuracy as compared with single regression analysis. 
While multiple regression analysis is most generally 
used, a number of samples are necessary, and quanti- 4o 
tative analytical accuracy is reduced when the correla- 
tion between spectral intensity values at each 
wavenumber is high. On the other hand, the PGR 
method which is multivariate regression analysis can 
intensify spectral intensity values in a plurality of wave- 45 
number ranges to principal components which are irrel- 
evant to each other and eliminate unnecessary noise 
data, whereby high quantitative analytical accuracy can 
be attained. Further, the PLS method can also utilize 
data of sample concentrations in extraction of principal so 
components, whereby high quantitative analytical accu- 
racy can be attained similarly to the PGR method. 
"Tahenryo Kaiseki" (by Kazuo Nakatani, Shinyo-Sha, 
Japan) can be refen*ed to as to the multivariate regres- 
sion analysis. 55 

In order to draw out necessary information from 
spectra which complicatedly fluctuate due to various 
fluctuation factors, data processing by a computer is 
highly useful. Typical processing methods are stored in 



processing software which is provided in a commer- 
cially available near-infrared apparatus or the like. An 
example of such commercially available software is 
"Unscramber" by COiviO Ooujpauy. Typical processing 
methods are the aforementioned multiple regression 
analysis, PLS, the principal component regression anal- 
ysis etc. 

Large streams of data processing which is applied 
to quantitative analysis are (1) formation of a calibration 
model, (2) evaluation of the calibration model, and (3) 
determination of an unkrKwn sample. 

In order to perform calibration, it is necessary to 
measure a proper number of samples for forming a cal- 
ibration curve in sufficient accuracy. Obtained spectra 
are subjected to preprocesses at need. Typical preproc- 
esses are smoothing, differentiation and normalization 
of the spectra, which are general processes. 

The calibration is processing of constructing math- 
ematical relational expressions between spectral data 
and analytical values of target characteristics, i.e., mod- 
els. Formation of models is performed by a statistical 
technique by employing analytical values of samples for 
forming a calibration curve and spectral data. In order to 
correctly evaluate accuracy of prediction of the pre- 
pared calibration curve with respect to an unknown 
sample, measurement errors with respect to the 
unknown sample are obtained through an evaluation 
sample. When the accuracy of the calibration curve is 
decided as being insufficient, the type of the processing 
method or parameters are changed at need, to correct 
the calibration curve. 

A calibration curve which Is recognized as having 
sufficient accuracy is employed as a relational expres- 
sion for predicting values of target characteristics from 
spectral data in analysis of the unknown sample, to be 
used for determination of the unknown sample concen- 
tration. 

Fig. 1 illusti^tes a general procedure of multivariate 
regression analysis as a flow chart. Raman scattering 
spectral measurement of a sample (having known ana- 
lytical value) for preparing a calibration curve is per- 
formed, and preprocesses such as smoothing and 
normalization are performed at need, for thereafter 
forming a calibration model from obtained Raman scat- 
tering spectral data (Raman scattering spectral intensity 
at each wavenumber) by performing calibration through 
multivariate regression analysis. 

Then, Raman scattering spectral measurement of 
an evaluation sample (having known analytical value) 
for evaluating this calibration model is performed and 
preprocesses such as smoothing and normalization are 
performed at need, for thereafter substituting obtained 
Raman scattering spectral data in the calibration model 
and comparing a measured value of the evaluation 
sample and a calculated value from the calibration 
rrxKlel with each other, thereby evaluating accuracy of 
the calibration model. The process returns to the stages 
of the spectral measurement of the sample for prepar- 
ing a calibration curve, preprocesses and formation of a 
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calibration model for correcting the calibration model 
and repeating evaluation by Raman scattering spectral 
data of the evaluation sample if the accuracy is insuffi- 
cient. If it is decided that sufficient accuracy is attained, 
on the other hand, Raman scattering spectral data 
obtained by Raman scattering spectral measurement of 
an unknown sample (having unknown analytical value) 
is substituted in this calibration nrxxjel. for calculating 
the concentration. 

The present invention is utilized as a technique of a 
clinicaJ test with a specimen of a body fluid such as 
urine or t>lood. Albumin and globulin serve as irtdlces of 
a nephrosis syndrome and glomerulonephritis, hemo- 
globin serves as an index for inflammation of an urinary 
tract system or a tumor, glucose serves as an irxiex of 
diabetes mellitus, lithium acetoacetate. p-hydroxytxj- 
tyric add and acetone serve as indices of ketoacidoses, 
bilirubin serves as an index of a hepatic/biliary affection, 
urobilinogen serves as an index of a hepatic/biliary 
affection or a cythemolytic affection, and sodium nitrite 
serves as an index of microbism of a urinary tract sys- 
tem respectively. Intra-urinary urea is useful for recog- 
nizing internal protein metabolism, a liver/renal function, 
and sthenia of body protein catabotism or taking of a 
drug such as quinine is conceivable if the same is 
increased, while a hepatic p£irenchymal disease or 
renal insufficiency is apprehended if the same is 
reduced. It is been recognized that the amount of intra- 
urinary urea serves as an index of urine specific gravity 
("Shintei Rinsho-Kensa Kenshu Handbook 3" by 
Nozomu Kosakai, Yakuji-Nippo-Sha. Japan). An 
osmotic pressure, a refractive index and urine specific 
gravity are generally excellent in corelation, and deter- 
mination of these is substituted by the specific gravity 
("Rinsho Kensaho Teiyo" by Masamitsu Kanai, Kinbara 
Shuppan Kabushiki Kaisha. Japan). Further, uric add 
serves as an index of urinary calculus and hyperuri- 
cemia, folic add serves as an index of a malabsorption 
syndronne or a malignant tumor following gastrotomy or 
enterotomy, creatine serves as an index of a steroid 
myopathic crisis, creatinine serves as an index of myop- 
athy or nephropathy, arxl ammonia serves as an index 
of dysbotism or critical hepatopathy respectively. 

Since bilirubin is insoluble in water, ditaurobiiirut)in 
was employed in experiments. Ditaurobilirubin is taurine 
conjugation bilirubin, in which two cartx>nyl groips are 
dehydration-bonded with taurine in a comnx>n basic 
chain. As compared with an SERS (sirface reinforced 
Raman spectroscxjpy) spectrum of bilirubin made by 
You-Zing Hsieh et al. (Langmuir 1987. 3. 11 41 -1 146). a 
Rannan spectmm obtained this time is substantially 
identical except a peak around 690.065 cm'^ . and those 
other than the same can be regarded as peaks derived 
from bilirubin. Further, since a peak around 957. 5 cm'^ 
which seems to be CHg rocking vbration indudes vibra- 
tion of CH2 of a taurine part, it is predictable that relative 
intensity of bilirubin is slightiy k>wer. 

As to urobilin, urobilinogen is so instable that the 
same is readily converted to urobilin by air oxidation. 



and hence measurement was made with urobilin. In 
urobilin, one of -NH- of urobilinogen is oxidized to be - 
N=. The peak positiore of this -NH- are 3530 to 3480 
cm'^ and concealed by superposition with the position 

5 of 0-H stretching vibration (3650 to 3400 cm"^) of water 
which is a solvent, and hence it is predictable that spec- 
tra of these are substantially identical to each other. 

It is conceivable that peaks of albumin around 
2372.8 cm*^ resuH from NH* stretching vibration. 

10 As to globulin, it is conceivabte that peaks around 
188.232 cm'^ and 423.919 cm*'' result from vibration 
from CCC. those around 653.937 cm'^ result from vibra- 
tion from CH2 or CH. those around 837 cm"^ result from 
vibration from CH2, those around 852 cm '' result from 

15 vibration from CHgCH, those around 1383.49 result 
from vibration of amide III, those around 1592.41 cm'^ 
result from vibration of amide II. those around 1877.64 
cm'^ result from vibration from CH2, those around 
2125.39 cm'^ result from vibration from CC. those 

20 around 2370 cm'^ result from vbration from NH*. and 
those around 2433 cm'^ result from vibration from SH. 

As to hemoglobin, it is conceivabte tiiat peaks 
around 837 cm'^ result from vibration from CH2, those 
around 923. 373 cm'^ result from vibration from CH3. 

25 those around 1 383. 49 result from vibration of amide III. 
those around 1592. 41 cm'^ resUt from vibration of 
amide II, those around 1870.82 cm"^ result from vibra- 
tion from CH2. those around 2125.39 cm'^ result from 
vibration from CC. those around 2370 cm"^ result from 

30 vibration from NH*. and those around 2433 cm"^ result 
from vibration from SH. A spectrum of oxyhenDglobin 
by resonance Raman spectroscopy is described in 
"Raman Spectroscopy" (by R R. Carey), and hence it 
was referred to. 

35 As to D-glucose. it is conceivable that peaks around 
405 cm'^ result from vibration from COO, tinose around 
524 cm*'' are basic chain vibration, those around 648 
cm*^ result from vibration from CC, those around 779 
cm*^ and around 840 cm '' result from vibration from 

40 CH, those around 914 cm*^ result from vibration from 
CH and COH, those around 1 054 cm*^ result from vibra- 
tion from CH, those around 1076 cm*^ result from vibra- 
tion from CH and COH, those around 1276 cm*^ and 
1 346 cm*^ result from vibration from COH. those around 

45 1426 cm"^ result from vibration from CH2, those around 
1640 cm '' result from vibration from HOH, and those 
around 2900 cm*^ result from vibration from CH and 
CH2. 

As to lithium acetoacetate, it is conceivable that 
50 peaks around 829.379 cm*\ around 1383.49 cm*^ and 
1870-82 cm"^ result from vibration from CH2. and those 
around 2937 cm*^ result from vibration from CH3 and 

CHa. 

As to p-hydroxybutyric acid, it is conceivable that 
55 peaks around 1450.98 cm"^ result from vibration from 
CH2 and vibration from CO2. those around 1587.69 cm* 
^ result from vibration from CO2, those around 1 630 cm" 
^ result from vibration from CO. those around 2900 cm" 
^ result from vibration from CH2. and those around 2959 
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cm'^ result from vibration from CH3. 

As to acetone, it is conceivable those peaks around 
805 cm'', around 1080 cm'\ around 1429 cm"^ and 
around 2940 cm*^ result from vibration from CH3. those 
around 1237 cm*^ result from vibration from CH3C. and s 
those around 1710 cm*"' result from vibration from CO. 

As to ditaurobilirubtn, it is conceivable that peaks 
around 690.065 cm"^ result from vibration from CC. 
those around 957.5 cm*"* and around 1458.88 cm'"* 
result from vibration from CH2, those arourtd 1263.96 10 
cm"^ result from vibration from CH2 and vibration from 
CO. and those around 1616.29 cm'^ result from vibra- 
tion from CC and vibration from CO. 

No Raman peak was attained In relation to urobilin, 
since fluorescence provided in itself was strong. 15 

As to sodium nitrite, it is conceivable that peaks 
around 813 cm"^ and around 1339.5 cm'^ result from 
vibration from NO. 

As to urea, it is conceivable that peaks around 531 . 
939 cm"^ , around 1008 cm'"" and around 1 168.35 cm""* 20 
result from vibration from CN. those around 597.248 
cm'"" result from vibration from CO, and those around 
1613.67 cm"^ result from vibration from CO and NH2. 

When urine is measured as a sarrple, It is possible 
to correct uric component concentrations varying with 25 
the urine amount by standardizing concentrations of 
other uric components with reference to the concentra- 
tion of creatinine having a constant excretal amount per 
time. 

According to the present invention, It Is possible to 30 
directly determine a sample without through media- 
tional reaction such as enzyme reaction or chemical 
reaction or intermediate reaction. Since no reagent is 
employed, influences are hardly exerted by coexistent 
substances and errors following reaction can be eiimi- 35 
nated. No operation such as reaction is required 
between sampling and measurement, whereby the 
measurement can be sinrpiy and quickly performed. 

The present invention is also effective for detection 
of small change or components of small amounts, due 40 
to its high sensitivity. Thus, the present invention is suit- 
able for application to qualitative and quantitative tests 
of intra-urinary microprotein. 

According to the present invention, it is possible to 
quantitatively analyze components in a body fluid by 45 
obtaining intensity values of proper wavenumber posi- 
tions as to a plurality of body fluid components to be 
measured from spectra obtained by irradiating a body 
fluid sample with excitation light whereby expendable 
items such as test papers and reagents are unneces- so 
sary and no problem of disposal after enployment is 
caused. 

Even if there is interference by other components in 
the body fluid, a plurality of components in the body fluid 
can be simultaneously qualitatively/quantitatively ana- ss 
lyzed by utilizing a technique such as multivariate 
regression analysis. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 



more apparent from the following detailed description of 
the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow chart showing steps from spectrum 
measurement to concentration determination with 
application of multivariate regression analysis; 
Fig. 2 Is a block diagram schematically showing a 
measuring apparatus for carrying out the present 
invention; 

Rg. 3 is an arrangement diagram showing a meas- 
uring apparatus employing a holographic notch fil- 
ter as fitter means of an optical target adjusting part 
for receiving target light in a direction of 180 
degrees to excitation tight with respect to a sample; 
Rg. 4 Is an arrangement diagram showing a meas- 
uring apparati^ employing a holographic notch fil- 
ter as filter means of an optical target adjusting part 
for receiving target light In a direction of 90 degr es 
to excitation light with respect to a sample; 
Rg. 5A is an arrangement diagram showing a 
measuring apparatus employing a holographic 
beam splitter as filter means of an optical target 
adjusting part for receiving target light in a direction 
of 180 degrees to excitation light with respect to a 
sample; 

Rg. 5B is a schematic sectional view showing tiie 

holographic beam splitter part in Fig. 5A; 

Rg. 6A is an arrangement diagram showing a 

measuring apparatus employing a bandpass filter 

as filter means of an optical target adjusting part for 

receiving target light in a direction of 90 degrees to 

excitation light with respect to a sample; 

Rg. 6B Is a schematic sectional view showing the 

bandpass filter part; 

Rg. 7 is an arrangement diagram showing a meas- 
uring apparatus enploying a bandpass fSter as fitter 
means of an optical target adjusting part for receiv- 
ing target light In a direction of 180 degrees to exci- 
tation light with respect to a sample; 
Rg. 8 is a perspective view showing paths for intro- 
ducing and discharging a target substance in case 
of employment of a flow cell; 
Rgs. 9A and 9B illustrate light scattering spectra 
obtained from aqueous albumin samples with appli- 
cation of excitation beams of 632.8 nm and 514.5 
nm in wavelength emitted from an He-Ne laser unit 
and an Ar laser unit respectively; 
Rgs. 10A and 10B illusti-ate tiie congelations 
between the spectral intensity at a position of a shift 
wavenumber of 829 cm'^ and the area in the range 
of shift wavenumbers of 256 to 1620 cm'^ in the 
light scattering spectrum shown in Fig. 9A respec- 
tively; 

Rgs. 1 1 A and 1 1 B illustrate light scattering spectra 
obtained from aqueous Y-glot>ulin samples with 
application of excitation beams of 632.8 nm and 
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514.5 nm in wavelength emitted from an He-Ne 
laser unit arrd an Ar laser unit respectively: 
Rgs. 12A to 12F illustrate the carelations between 
spectral intensity levels at positions of shift wave* 
numbers of 837.257 cm*\ 1383.49 cm'\ 1592 cnn* 5 
\ 1877 cm'\ 2125 cm"^ arxJ 2370 cm '' and y-glob- 
ulin concentrations in samples in the light scattering 
spectrum of Fig. 1 1 A respectively; 
Rgs. 13A and 13B illustrate light scattering spectra 
obtained from aqueous hemoglobin samples with io 
application o1 excitation beams of 632.8 nm and 
514.5 nm in wavelength emitted from an He-Ne 
laser unit and an Ar laser unit respectively; 
Rgs. 14A to 14C illustrate the correlations between 
spectral intensity levels at positions of shift wave- is 
numbers of 1870 cm \ 2125 cm'^ and 2370 cm"^ 
and hemoglobin concentrations in samples in the 
light scattering spectrum of Fig. i3A respectively; 
Rg. 15 illustrates the Raman spectrum of normal 
urine; 20 
Rg. 16 illustrates the Raman spectrum of a sample 
prepared by extending the amount of albumin in 
normal urine by about 15 mg/ml; 
Rg. 17 illustrates the correlation between the albu- 
min concentration in urine and Raman scattered 25 
light intensity at a wavenumber of 2370.75 cm*^; 
Rg. 18 illustrates the Raman spectrum of a sample 
prepared by extending the amount of glucose in 
normal urine by a saturation amount; 
Rg. 19 illustrates the correlations between glucose 30 
concentrations in urine and Raman scattered light 
intensity levels at wavenumbers of 0 to 4000 cm'^ ; 
Rg. 20 illustrates the Raman spectrum of a sample 
prepared by extending the anfK)un1 of urea in nor- 
mal urine by about 300 mg/ml; 35 
Rg. 21 illustrates the correlation between the urea 
concentration in urine and Raman scattered light 
intensity at a wavenumber of 1008 cm*^ ; 
Rg. 22 illustrates the Ranr^n spectrum of a sample 
prepared by extending the amount of acetone in 40 
normal urine to be about 60 % (V/V); 
Rg. 23 illustrates the correlation between the ace- 
tone concentration in urine and Raman scattered 
light intensity at a wavenumber of 1080 cm'\ 
Rg. 24 illustrates the Raman spectrum of a sample 45 
prepared by extending the amount of acetone in 
normal urine to be 37.5 % (V/V); 
Rg. 25 illustrates the Rannan spectrum of a sample 
prepared by extending the anrx)unt& of acetone, 
urea and glucose in nomnal urine to be 1 7 % (V/V), so 
25 mg/ml and 416 fig/mi respectively: 
Rg. 26 illustrates the Raman spectrum of a sanrple 
prepared by exterxjing the announts of acetone, 
urea and glucose in normal urine to be 17 % (V/V). 
50 mg/ml and 1.17 mg/ml respectively; ss 
Rg. 27 illustrates the correlation between the urea 
concentration in urine and Ranr)an scattered tight 
intensity at a wavenumber of 1008 cm'^ ; 
Rg. 28 illustrates the correlation between the urea 



concentration in urine and Raman scattered light 
intensity at a wavenumber of 1063 cm"^ ; 
Rg. 29 illustrates the conrelation between the urea 
concentration in urine and Raman scattered light 
intensity at a wavenumber of 1 168 cm* ^ ; 
Rg. 30 illustrates the con-elation between the urea 
concentration in urine and Rannan scattered light 
intensity at a wavenun^er of 531 cm ^ 
Rg. 31 illustrates the conrelation between the urea 
concentration in urine and Raman scattered light 
intensity at a wavenumber of 597 cm 
Rg. 32 illustrates the correlation between the urea 
concentration in urine and Raman scattered light 
intensity at a wavenumber of 1613 cm'^ ; 
Rg. 33 illustrates the con-elation between the ace- 
tone concentration in urine and Raman scattered 
light intensity at a wavenumber of 805 cm'^ ; 
Rg. 34 illustrates the con-elation between the ace- 
tone concentration in urine and Randan scattered 
lighrt intensity at a wavenuml>er of 1237 cm*^ ; 
Rg. 35 illustrates the correlation between the ace- 
tone concentration in urine and Raman scattered 
light intensity at a wavenumber of 1429 cm'^ ; 
Rg. 36 illustrates the correlation between the ace- 
tone concentration in urine and Raman scattered 
light intensity at a wavenumber of 2941 cm"^ ; 
Rg. 37 illustrates the correlation between the glu- 
cose concentration in urine and Raman scattered 
light intensity at a wavenumber of 2924 cm'^ ; 
Rg. 38 illustrates the Rannan spectrum of a sanple 
prepared by extending the announts of albumin arKi 
lithium acetoacetate in normal urine by about 0.66 
mg/ml and about 1 .4 mg/ml respectively; 
Rg. 39 illustrates the con-elation between the albu- 
min concentration in urine and Raman scattered 
light intensity at a wavenumber of 620 cm 
Rg. 40 illustrates the correlation between the lith- 
ium acetoacetate concentration in urine and 
Raman scattered light intensity at a wavenumber of 
829 cm^ 

Rg. 41 illustrates the Raman spectrum of a sample 
prepared by extending the amounts of urobilin and 
ditaurobitirubin in normal urine by atxxit 0.13 mg/ml 
and about 0.286 mg/ml respectively; 
Rg. 42 illustrates the correlation between the urobi- 
lin concentration in urine and Raman scattered light 
intensity at a wavenumber of 2370 cm'^ ; 
Rg. 43 illustrates the correlation between the drtau- 
robilirubin corKentration in urine and Raman scat- 
tered light intensity at a wavenumber of 1263 cm*^ ; 
Rg. 44 illustrates the Raman spectrum of a sample 
prepared by extending the amount of lithium ace- 
toacetate in normal urine by 13.3 mg/ml; 
Rg. 45 illustrates the Raman spectrum of a sannple 
prepared by extending th amount of p-hydroxybu- 
tyric acid in normal urine to be 16 % (V/V); 
Rg. 46 illustrates the Rannan spectrum of a sannple 
prepared by extending the amount of globulin in 
normal urin by 30 mg/ml; 
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Fig. 47 illustrates the Raman spectrum of a sample 

prepared by extending the amount of hemoglobin in 

normal urine by 30 mg/ml; 

Fig. 48 illustrates the Raman spectrum of a sample 

prepared by extending the amount of ditaurobi- 

tirubin in normal urine by 0.3 mg/ml; 

Fig. 49 illustrates the Raman spectrum of a sample 

prepared by extending the amount of sodium nitrite 

in normal urine by 55.28 mg/ml; 

Fig. 50 illustrates the Raman spectrum of a sample 

prepared by extending the amount of uric acid in 

distilled water by a saturation amourrt; 

Fig. 51 illustrates the Ranr^n spectrum of a sample 

prepared by extending the amount of folic acid in 

distilled water by a saturation amount; 

Fig. 52 illustrates the Raman spectrum of a sample 

prepared by extending the amount of L-ascorbic 

acid in distilled water by a saturation amount; 

Fig. 53 illustrates the Raman spectrum of a sample 

prepared by extending the amount of vitamin 83 in 

distilled water by a saturation amount; 

Fig. 54 illustrates the Raman spectrum of a sample 

prepared by extending the amount of creatine 

monohydrate in distilled water by a saturation 

amount; 

Fig. 55 illustrates the Raman spectrum of a sample 
prepared by extending the amount of creatinine in 
distilled water by a saturation amount: 
Fig. 56 illustrates the Raman spectrum of a sample 
prepared by extending the amount of a-amylase in 
distilled water by a saturation amount; 
Fig. 57 illustrates the Raman spectrum of a sample 
prepared by extending the amount of p-amylase in 
distilled water by a saturation amount; 
Fig. 58 illustrates the Raman spectrum of a sample 
prepared by extending the amount of ammonia In 
distilled water to be 25 % (VA/): 
Fig. 59 illustrates the Raman spectrum of a sample 
prepared by extending the amount of inositol in dis- 
tilled water by a saturation amount; 
Fig. 60 illustrates the Raman spectrum of a sample 
prepared by extending the amount of galactose in 
distilled water by a saturation amount; 
Fig. 61 illustrates the Raman spectrum of a sample 
prepared by extending the amount of fructose in 
distilled water by a saturation amount; 
Fig. 62 illustrates measured wavenumbers in com- 
ponents in body fluids; and 
Fig. 63 shows correlation diagrams of values of a 
plurality of components in urine calculated by multi- 
variate regression analysis and measured values. 

DESCRIPTION OF THE PREFERRED Ef^BODI- 
I^ENTS 

Some examples of measuring apparatuses for car- 
rying out the inventive measuring method are shown in 
Figs. 2 to 7. 

Fig. 2 schematically illustrates the measuring appa- 



ratus, which comprises an excitation light source part 2 
provided with an excitation light source and a b am 
splitter dividing a beam from the excitation light source 
into a sample beam and a correction beam, a sampie 

5 part 4 for irradiating a sample with the sample beam, an 
optical target adjusting part 6 provided with a filter for 
removing the same wavelength component as the exci- 
tation light from scattered light generated from the sam- 
ple irradiated with the sample beam and selecting target 

70 light including fluorescence and Raman scattered light 
and an optical system for adjusting beams, an optical 
correction adjusting part 8 for adjusting the correction 
beam divided by a half mirror in the excitation light 
source part 2, beam combining means 10 for placing a 

15 beam outgoing from the optical target adjusting part 6 
and the connection beam outgoing from the optical cor- 
rection adjusting part 8 on the same optical axis, on 
spectral processing part 12 provided with a spectro- 
scope for separating a beam outgoing from the beam 

20 combining means 10 into its spectral components and a 
detector for detecting spectral light separated by the 
spectroscope, and a data processing part 14 having a 
function of correcting target light intensity on the basis 
of detected intensity of the excitation light conponent in 

25 spectra detected by the detector of the spectral 
processing part 12. 

The correction beam is adapted to correct fluctua- 
tion of the light emission intensity of the light source. 
arxJ the beam splitter provided in the excitation light 

30 source part 2, the optical correction adjusting part 8 and 
the beam combining means 10 are unnecessary if such 
correction is not performed. ^ 

The filter provided in the optical target adjusting 
part 6 is preferably any one of a holographic notch filter 

35 including the excitation light wavelength in its notch 
region, a cut filter shielding the excitation light wave- 
length and a shorter wavelength side therefrom, a band- 
pass fitter having characteristics of removing by 
transmitting the excitation light wavelength component 

40 and reflecting a target light connponent. and a holo- 
graphic beam splitter removing the excitation light wave- 
length by transmission or reflection. 

Hie spectral processing part 12 is preferably a 
polychrometer corrprising a multichannel photodetector 

45 for simultaneously detecting wavelength regions to be 
measured. 

When the spectral processing part 12 is a poly- 
chrometer, it is possible to simultaneously detect wave- 
length regions to be measured, i.e., to sinruiltaneously 

50 detect a target light spectrum of a prescribed region and 
the excitation light. Consequently, no difference is 
caused between detection times of the respective wave- 
lengths of the target light and the excitation light. If dif- 
ference between the detection times of the respectiv 

55 wavelengths of the target light and the excitation light is 
permitted, a wavelength scanning type spectroscope 
and a single channel photodetector may be comprised 
as the spectral processing part 12, for successively 
detecting the wavelength regions to be measured. 
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The holographic notch fitter is adapted to shield 
only a desired wavelength region, while transmitting 
wavelength light of other regions. When a filter which is 
so set that the excitation light wavelength is included in 
the shielded region (notch region) is employed, a beam 5 
outgoing from the optical target adjusting part 6 
includes only the target light conponent, with no excita- 
tion light component. On the other hand, the correction 
beam includes only the excitation light from the light 
source and passes through no sample, whereby the w 
same expresses intensity fluctuation from the light 
source in fidelity with dependence on no sanrple. 

Figs. 3 to 7 show concrete examples expressing the 
block diagram of Fig. 2 in detail. 

Fig. 3 illustrates an onbodiment employing a hole- is 
graphic notch filter Including an excitation light wave- 
length in its notch region or a cut filter shielding the 
excitation light wavelength and a shorter wavelength 
side therefrom as fitter means of an optical target 
adjusting part 6, for receiving target light in a direction of 20 
180 degrees to excitation light wrth respect to a sample. 
A light source 22 is provided on an excttation light 
source part 2. aixj a half mirror 26 is anranged as a 
beam splrtter for dividing excitation light from the light 
source 22 into a sample beam 20s and a conrection 2s 
bream 20r. The light source 22 can be formed by a laser 
untt. for example. The laser untt can be selected from 
laser units of wide wavelength regions over near uttravi- 
olet to near infrared regions such as a continuously 
oscillating Ar ion laser unit, a Kr ion laser untt, an He-Ne 30 
laser unit, an He-Cd laser unit an NW:YAG laser unit, a 
semiconductor laser unit and a pulse laser untt. Alterna- 
tively, a light source generating muttiwavelength light 
such as a halogen lamp may be combined wrth wave- 
length selection means such as a spectroscope, to be 35 
employed as a light source other than the laser untt. 

In order to converge the sample beam 20s on a 
sample 5 of a sample part 4. a light source condenser 
lens 24 and a convergent lens 28 are arranged in the 
excitation light source part 2 on both sides of the half 40 
minor 2. The sample 5 is stored in a cell and set in the 
sample part 4. 

The sample beam 20s from the excttation light 
source part 2 is reflected by a half mirror 32 which is 
arranged in tiie optical target adjusting part 6, and 45 
applied to tiie sample 5 of the sample part 4. The optical 
target adjusting part 6 is provided wtth condenser 
lenses 34 and 36, in order to converge scattered light 
from the sample 5 transmrtted through the half mirror 32 
on an inlet sitt 50 of a spectroscope. A holographic so 
notch filter 38 which is set to include the wavelength of 
the excttation light in its notch region is arranged on the 
optical target adjusting part 6 between the condenser 
lenses 34 and 36. as a fitter for removing the same 
wavelength component as the excttation light and ss 
selecting target light. Such a holographic notch fitter is 
available on Kaiser Optical Systems Inc., U.S.A., for 
example. The holographic notch filter 38 has character- 
istics of completely shielding wavelength light included 



in tts notch region and transmttting at least 80 % of light 
of a wavelength region other than the notch region, for 
example. 

A half mirror 40 is anranged between the condenser 
lens 36 of the optical target adjusting part 6 and the inlet 
sirt 50 of the spectroscope as a beam combining 
means, so that the target light is transmrtted through the 
half mirror 40 and incident upon a spectroscope 52. 

An optical correction adjusting part 8 is set for guid- 
ing the conection beam 20r which is divided by the half 
mirror 26 in the exdtation light source part 2 to the half 
mirror 40 of the beam combining means, and an extinc- 
tion filter 42 for damping the light quantity, a bandpass 
filter 46 for shielding the wavelength light generated in 
tiie half mirror 26 of tiie excitation light source part 2 for 
shielding a sideband from a laser beam when tiie light 
source 22 is a laser unit, and a mirror 44 for bending an 
optical path are arranged on the optical correction 
adjusting part 8. The correction beam 20r which is 
guided to tiie inlet sItt 50 by the optical correction adjust- 
ing part 8 through the half mirror 40 is converged on the 
inlet sItt 50 by the light source condenser lens 24. 

The target light outgoing from the optical target 
adjusting part 6 and the correction beam 20r guided 
from the optical con-ection adjusting part 8 are guided 
onto the same optical axis in the half mirror 40. and 
guided to a spectroscope 52 of a spectral processing 
part 12 tiirough the inlet slit 50. The spectroscope 52 is 
a polychrometer, which conprises a dttfraction grating 
54 for separating incident light into its spectral compo- 
nents, and a multichannel photodetector 56 provided 
wrth a pluralrty of photodetector elements along a dis- 
persion direction of the dttfraction grating 54 in order to 
simiitaneously detect the spectiai light components 
separated by the dttfraction grating 54 over a prescribed 
wavelength region. While the diffraction grating 54 
shown in Rg. 3 is a concave diffraction grating, a spec- 
troscope called a Czerny-Turner spectroscope combin- 
ing a plane dttfraction grating wrth a spherical mirror or 
that employing a transmission type diffraction grating 
may atternatively be employed. Numeral 60 denotes an 
arrthmetic processing control part for controlling opera- 
tions of the respective parts and processing signals 
detected by the photodetector 56. This arrthmetic 
processing control part 60 also includes a function for 
serving as a data processing part correcting detected 
intensrty of ttie target light on the basis of tiiat of the 
excrtation light component among spectra detected by 
tiie photodetector 56, for calculating a Raman scatter- 
ing spectrum in which fluctuation of tiie light source is 
corrected and perfornrting qualttication and determina- 
tion of tiie sample from tiie target light intensrty. 
Numeral 62 denotes an output unrt such as a printer or 
a display outputting data processed in the arrthmetic 
processing conti-ol part 60. 

In tiie embodiment shown in Fig. 3, the holographic 
notch filter 38 may be replaced wrth a sharp cut fitter 
having sharp wavelength characteristics, shielding the 
excitation light wavelength and a shorter wavelengtii 
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side therefrom. 

Describing operations of this ennbodiment. the sam- 
ple beam 20s from the light sourc part 2 is reflected by 
the half mirror 32 which is arranged on the optical target 
adjusting part 6, and applied to the sample 5 of the sam- 5 
pie part 4. Scattered light from the sample 5 is passed 
through the optical target adjusting part 6 so that the 
same wavelength component as the excitation light is 
renrKJved, and Incident upon the spectroscope 52 from 
the inlet sirt 50 through the half mirror 40. On the other io 
hand, the correction beam 20r which is divided by the 
half mirror 26 in the excitation light source part 2 is 
passed through the optical correction adjusting part 8 
so that its light quantity is adjusted, and incident upon 
the spectroscope 52 through the inlet slit 50 through the is 
half mirror 40. Fluctuation of spectral light intensity 
caused by fluctuation of the excitation tight intensity is 
corrected by the correction beam 20r. so that light scat- 
tering spectral intensity of each component is detected. 

Fig. 4 illustrates an embodiment employing a holo- 20 
graphic notch filter or a cut filter as a filter means of an 
optical target adjusting part 6 similarly to the embodi- 
ment shown in Fig. 3, while target light is received in a 
direction of 90 degrees to excitation light with respect to 
a sample. In this case, no half mirror 32 in Fig. 3 is nec- 2S 
essary for irradiating a sample 5 with a sanple beam 
20s and introducing scattered light from the sample 5 
into a condenser lens 34 of the optical target adjusting 
part 6. The sample beam 20s is converged by a light 
source condenser lens 24 and a convergent lens 28 of 30 
the excitation light source part 2 and directly applied to 
the sannple 5, so that the scattered light from the sample 
5 is directly incident upon the condenser 34 of the opti- 
cal target adjusting part 6. 

While the bandpass filter 46 shown in Fig. 3 is 35 
arranged on the optical path of the optical correction 
adjusting part 8. that in Fig. 4 is arranged on an optical 
path before the beam splitter 26. It is possible to shield 
a sideband of a laser beam from both of the sample and 
correction beanrts by arranging such a bandpass filter 40 
46 on the position shown in Fig. 4. 

While a cortdenser lens 45 is further anranged on 
an optical axis of an optical correction adjusting part in 
Fig. 4, this lens 45 is a light quantity adjusting lens for 
converging the correction beam to the position of a slit 45 
50, and the same is unnecessary when the light quan- 
tity of the correction beam is sufficiently large. 

Fig. 5A illustrates an embodiment employing a 
holographic beam splitter 70 having characteristics of 
reflecting excitation light and transmitting Raman light so 
as a filter means of an optical target adjusting part 6, for 
receiving target light in a direction of 1 80 degrees to the 
excitation light with respect to a sample. 

As shown in Fig. 5B. the holographic beam splitter 
70 r^lects a sample beam 20s and applies the same to ss 
a sample 5, and transmits only target light 74 in scat- 
tered light 72 from the sample 5 including the target light 
74 and Rayleigh scattered light for introducing the target 
light 74 into a condenser lens 34 of the optical target 



adjusting part 6. 

Fig. 6A illustrates an embodiment employing a 
bandpass filter 82 having characteristics of removing by 
transmitting an excitation light wavelength component 
and selecting by reflecting a target light component as a 
filter means of an optical target adjusting part 6, for 
receiving target light in a direction of 90 degrees to the 
excitation light with respect to a sample. 

As shown in Fig. 6B, the bandpass filter 82 is 
arranged on a mirror surface side of a transmission/con- 
verging type min-or 80. while a beam stopper 84 is 
arranged on a side opposite to the transmission/con- 
verging type mirror 80. Scattered light 72 from a sample 
5 including target light and Rayleigh scattered light is 
condensed by condenser lenses 34a and 34b, and inci- 
dent upon the banc^^ass fitter 82 tiirough its incidence 
hole from a back surface of the transmission/converging 
type minror 80. Rayleigh light 76 is transmitted through 
the bandpass fitter 82 and absorbed by the beam stop- 
per 84. while target tight 74 is reflected and converged 
by the min-or surface of the transmission/converging 
type mirror 80, and incident upon a spectroscope from 
an inlet slit 50 through a half mirror 40. Two mirrors 44a 
and 44b are arranged in an optical correction adjusting 
part 8. in order to bend an optical path by 180 degrees. 

Fig. 7 illustrates an embodiment employing a band- 
pass filter 82 having characteristics of removing by 
transmitting an excitation light wavelength component 
and selecting by reflecting a target light component as a 
filter means of an optical target adjusting part 6 sinrtilarly 
to that shown in Fig. 6A. for receiving target light in a 
direction of 180 degrees to tiie excitation light with 
respect to a sample. A half mirror 32 is arranged for 
applying a sample beam 20s to a sample 5 and intro- 
ducing scattered light from the sannple 5 into a con- 
denser lens 34a of the optical target adjusting part 6. 

Rg. 8 illustrates exemplary paths for intiroducing 
and discharging a target substance 111 in case of 
employing a flow cell. The target substance 1 1 1 flows 
into a flow cell of a cell holder 130 from a specimen 
solution intet line 132 and the flow cell is irradiated with 
excitation light which is infroduced from an excitation 
light entrance window 1 34 provided on a side surface of 
the cell holder 130, so that Raman light excited in the 
flow cell outgoes from a Raman light outgoing window 
136 and enters the optical target adjusting part 6. After 
measurement, the target substance 111 is discharged 
in a waste water bottle 1 40 through a specimen solution 
discharge line 138. This specimen solution discharg 
line 138 may directly communicate with a channel for 
sewage or the lil^e. 

While a direction 6 for receiving target light is at 90 
with respect to excitation light in tiie flow cell shown in 
Fig. 8, the present invention is not restricted to this but 
the Raman light outgoing window 136 may be located in 
any position so far as 0 ^ 9 < 360 

Rgs. 9 to 1 5 show results of measurement made on 
aqueous solutions of albumin, y-globulin and hemo- 
globin, which are intra-urinary protein, respectively. 
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(Example 1) 

Figs. 9A. 9B, 10A and 10B show measurement 
results as to aqueous albumin solutions (derived from 
human s rums). Figs. 9A and 9B show light scattering 
spectra obtained by employing an He-Ne laser unit (out- 
put: 7 mW) and an Ar laser unit (output: 10 mW) as exci- 
tation light sources and applying beams of 632.8 nm 
and 514.5 nm in wavelength to sample aqueous solu* 
tions as excitation beams respectively. Both spectra 
have broad shapes over the ranges of 100 to 31 00 cm'^ 
or more from the excitation wavelengths. 

Rg. 10A illustrates a restit of measurement of the 
correlation between spectral intensity at a position of a 
shift wavenumt>er of 829 cm'^ and the albumin concen- 
tration in the sample through the light scattering spec- 
trum of Rg. 9A. Fig. 108 illustrates a result of 
measurement of the corelation between the area in the 
range of shift wavenumbers of 256 to 1 620 cm'^ and the 
albumin concentration in the sample. 

Both of Figs. 10A and 106 show excellent results 
wifri correlation cojafficiepts of at least 0.99. It is pos- 
sible to quantitatively analyze albumin concentrations in 
samples by utilizing these conrelations as calibration 
curves. 

(Example 2) 

Rgs. 11A to 12F show measurement results as to 
aqueous r^lobulin solutions (derived from human 
serums). Figs. 1 1 A and 1 1 B show light scattering spec- 
tra obtained by employing an He-Ne laser unit (output: 7 
mW) and an Ar laser unit (output: 10 mW) as excitation 
light sources and applying beams of 632.8 nm and 
514.5 nm in wavelength to sample aqueous solutions as 
excitation beams respectively. 

The spectrum shown in Rg, 11 A has sharp peaks 
in positions shifted from ttie excitation wavelength to 
1 75 to 1 95 cm '' . 425 to 450 cm* \ 640 to 670 cm'\ 820 
to 845 cm-\ 845 to 870 cm \ 1370 to 1400 cm \ 1575 
to 1620 cm*\ 1850 to 1900 cm'\ 2000 to 2200 cm'\ 
2350 to 2400 cm'^ and 2400 to 2460 in a spectrum of a 
broad shape over 100 to 4000 cm"^ from the excitation 
wavelength. The spectrum shown in Fig. 11B has a 
broad shape over 100 to 4000 cm'^ from the excitation 
wavelength. 

Rgs. 12A to 12F show results of measurement of 
the correlations between spectral intensity levels at 
positions of shift wavenunrters of 837.257 cm*", 
1383.49 cm•^ 1592 ar\ \ 1877 cm-\ 2125 cm '' and 
2370 cm"'' and y-globulin concentrations in samples 
through the spectrum shown in Fig. 1 1 A, 

The correlation coefficient of the correlation 
shown in Rg. 12D Is at least 0.97, and the correlation 
coefficients of the remaining con-elations are at least 
0.99 in excellent results. Also as to peak intensity values 
in other shift wavenumber positions and integrated 
intensity values of proper wavenumber ranges, excel- 
lent correlations were obtained as to rglobulin concen- 



trations. 

It is possible to quantitatively analyze yglobulin 
concentrations in samples by employing these correla- 
tions as calibration curves. 

5 

(Exanple 3) 

Rgs. 13A to 14C show measurement results as to 
aqueous hemoglobin solutions (derived from bovine 

10 serums). Rgs. 13A and 13B show light scattering spec- 
ti-a obtained by employing an He-Ne laser unit (output: 7 
mW) and an Ar laser unit (output: 10 mW) as excitation 
light sources and applying beams of 632.8 nm and 
514.5 nm in wavelength to sannple aqueous solutions as 

15 excitation beams respectively. 

The spectrum shown in Rg. 13A has sharp peaks 
in positions shifted from the excitation wavelength to 
640 to 670 cm'\ 820 to 845 cm \ 1370 to 1400 cm ^ 
1575 to 1620 cm \ 1850 to 1900 cm \ 2000 to 2200 

20 cm"\ 2350 to 2400 cm"^ and 2400 to 2460 in a spec- 
trum of a broad shape over 100 to 4100 cm*^ from tiie 
excitation wavelength. The spectrum shown in Rg. 13B 
has a broad shape over 100 to 4100 cm'^ from the exci- 
tation wavelength. 

25 Figs. 14A to 14C show results of measurement of 
tiie conrelations between spectral intensity levels at 
positions of shift wavenurTt)ers of 1870 cm'\ 2125 cm* 
^ and 2370 cm'^ and hemoglobin concentrations in 
samples through tfie ligfit scattering spectrum shown in 

30 Fig. 13A. 

The correlation coefficients of all coaelations 
exhibit excellent results of at least 0.99. It is possible to 
quantitatively analyze hemoglobin concentiations in 
samples by emptying tfiese correlations as calibration 

35 curves. 

(Example 4) 

Raman Measurement of Normal Urine: 

40 

Rg. 15 shows the Raman spectrum of norn^l 
urine. Apeak around 1000 cm'^ was derived from urea, 
and peaks around 1650 cm' ^ and more than 3000 cm*^ 
were derived from water serving as a solvent 

45 

(Example 5) 

Determination of Intra-Urinary Albumin through Raman 
Spectroscopy: 

50 

Rgs. 16 and 17 show results of measurement 
nr^de by adding albumin to a normal urine. Fig. 16 illus- 
trates the spectrum of a sample prepared by extending 
albumin in normal urine by about 15 mg/ml. This spec- 
55 frum is a composite one since a plurality of components 
were present at different concentrations in the urine. 
Fig. 17 shows a result of investigation as to the conela- 
tion between intensity of 2370 cm'^ of this spectaim and 
the concentrations. 
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(Example 6) 

Determination of Intra-Urinary Glucose through Raman 
Spectroscopy: 

5 

Figs. 18 and 19 show results of measurement 
made by adding glucose to a normal urine. Fig. 18 illus- 
trates the spectrum of a sample prepared by extending 
glucose in normal urine by a saturation amount. Fig. 19 
shows a result of investigation on the correlation io 
between Raman spectral intensity at wavenumbers of 0 
to 4000 cm'"" and the concentrations. 

(Example 7) 

15 

Determination of Intra-Urinary Urea through Raman 
Spectroscopy: 

Figs. 20 and 21 show results of measurement 
made by adding urea to a normal urine. Fig. 20 illus- 20 
trates the spectrum of a sample prepared by extending 
glucose in normal urine by 300 mg/ml. Fig. 21 shows a 
result of Investigation on the correlation between irrten- 
sity at 1008 cm*^ and the concentrations. 

25 

(Example 8) 

Determination of Intra-Urinary Acetone through Raman 
Spectroscopy: 

30 

Figs. 22 and 23 show results of measurement 
made by adding acetone to a normal urine. Fig. 22 illus- 
trates the spectrum of a sample prepared by extending 
acetone in nomial urine by 60 % (VA/). Fig. 23 shows a 
result of investigation on the con*elation between inten- 35 
sity at 1080 cm*^ and the concentrations. 

(Example 9) 

Sinnultaneous Determination of Intra-Urinary Acetone, 40 
Urea and Glucose through Raman Spectroscopy: 

Figs. 24 to 26 show results of measurement made 
by adding acetone, urea and glucose to a normal urine 
in different concentrations respectively Fig. 24 shows 45 
the spectrum of a sample prepared by adding acetone 
to normal urine to be 37.5 % (VA/). Fig. 25 shows the 
spectrum of a sample prepared by adding acetone, urea 
and glucose to normal urine to be 17 % (VA/), 25 mg/ml 
and 41 6 ^g/ml respectively, and Fig. 26 shows the spec- so 
trum of a sample prepared by adding acetone, urea and 
glucose to be 17 % (V N), 50 mg/ml and 1.17 mg/ml 
respectively 

Figs. 27 to 32 show results of correlations between 
Raman spectral intensity values and concentrations 55 
taken at wavenumber positions of 1008 cm'\ 1063 cm' 
\ 1168 cm''', 531 cm'\ 597 cm'"* and 1613 cm'^ 
respectively in relation to ur a. 

Figs. 33 to 36 show results of correlations similarly 



taken at wavenumbers of 805 cm \ 1237 cm*\ 1429 
cm'"' and 2941 cm'^ in relation to acetone, and Fig. 37 
shows a result of a correlation similarly taken at a wav- 
enumber position of 'd924 cm ' in relation io glucose. 
The con'elation coefficients R^ of all these correlations 
were at least 0.9, to attain excellent results. 

(Example 10) 

Simultaneous Determination of Intra-Urinary Protein 
and Lithium Acetoacetate through Raman Spectros- 
copy: 

f^gs. 38 to 40 show results of measurement made 
by adding albumin and lithium acetoacetate to a normal 
urine in different concentrations respectively Fig. 38 
shows the spectrum of a sample prepared by adding 
albumin and lithium acetoacetate to be 0.66 mg/ml and 
1.4 mg/ml respectively. 

Rg. 39 shows a result of investigation on the corre- 
lation between intensity of 620 cm'^ and concentrations 
in relation to albumin. 

Fig. 40 shows a result of investigation on the corre- 
lation between intensity of 829 cm'^ and concentrations 
in relation to lithium acetoacetate. The correlation coef- 
ficients R^ of both correlations were at least 0.9, to 
attain excellent results. 

(Example 11) 

Simultaneous Determination of Intra-Urinary Urobilin 
and Ditaurobilirubin through Raman Spectroscopy: 

Rgs. 41 to 43 show results of measurement made 
by adding urobilin and ditaurobilirubin to a normal urine 
in different concentrations respectively. Fig. 41 shows 
the spectrum of a sample prepared by adding urobilin 
and ditaurobilirubin to be 0.13 mg/ml and 0.286 mg/ml 
respectively. 

Fig. 42 shows a result of investigation on the corre- 
lation between intensity of 2370 cm'^ and concentra- 
tions in relation to urobilin. Fig. 43 shows a result of 
investigation on the correlation between intensity of 
1263 cm'"* and concentrations in relation to ditaurobi- 
lirubin. The correlation coefficients R^ of both correla- 
tions were at least 0.9, to attain excellent results. 

(Example 12) 

Detection of Intra-Urinary Components through Raman 
Spectroscopy: 

Figs. 44 to 49 show results of measurement made 
by adding 13.3 mg/ml of lithium acetoacetate, 16 % 
(V/V) of p-hydroxybutyric acid. 30 mg/ml of globulin, 30 
mg/ml of hemoglobin, 0.3 mg/ml of ditaurobilirubin and 
55.28 mg/ml of sodium nitrite to normal urine respec- 
tively 

It is possible to confirm presence/absence by con- 
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firming intensity changes of arbitrary peaks. In lithium 
acetoacetate shown in Fig. 44. for exanrpie. a Raman 
peak, which has been impossible to obtain in the spec- 
trum of normal urine, appears at 829 cm*\ Thus, pres- 
ence of lithium acetoacetate can be confirmed. When rt 5 
is confirmed that peaks of 1630 cm \ 852 cm"^ in par- 
ticular, 1592 cm'\ 1616 cm'^ and 813 cm'^ appear tor 
p-hydroxybutyric add of Fig. 45, globulin of Fig. 46. 
henrK)globin of Rg. 47, ditaurobilirubin of Rg. 48 and 
sodium nitrite of Rg. 49 respectively, presence/absence w 
thereof can be confirmed. 

(Example 13) 

Detection of Body Ruid Conrponents through Randan is 
Spectroscopy: 

Rgs. 50 to 61 show results of measurement nr^de 
by adding uric acid, folic acid, L-ascorbic acid, vitamin 
B2, creatine monohydrate, creatinine, a-amytase and p- 20 
amylase to distilled water by saturation amounts, adding 
ammonia by 25 % (VA/) and adding inositol, galactose 
and frudosd tol:^ siSu^tib^ r^ectively. 

Similarly to Example 12, presence/at>sence can be 
confirmed by confirming intensity changes of arbitrary 25 
peaks. It is possible to confirm presence/absence by 
confirming that peaks of 670 cm'\ 661 cm*\ 1703 cm" 
\ 890 cm'\ 830 cm \ 695 cm \ 1864 crr\'\ 898 cm \ 
3407 cm*\ 443 cm'\ 495 cm*^ and 599 cm'^ appear for 
uric acid of Fig. 50, for folic add of Rg. 51 , for ascorbic 30 
acid of Fig. 52, for vitamin 63 of Fig. 53, for creatine 
monohydrate of Rg. 54. for creatinine of Fig. 55, for a- 
amylase of Fig. 56, for p-amylase of Rg. 57. for amnrx)- 
nia of Fig. 58, for inositol of Fig. 59, for gaJactose of Fig. 
60 and for fructose of Rg. 61 respectively. 35 

Rg. 62 is a Table showing measured wavenumbers 
of the respective components. It is possit>le to avoid 
superposition and mixing of peaks by selecting wave- 
numt)er positions endosed with broken lines. Around 
2370 cm may be selected in case of measuring the 40 
total protein arTX)unt while around 2940 cm~^ may be 
selected In case of measuring a total ketone body. 

Con-elation coeffidents obtained as to sonrte types 
of target substances are shown in Table 1 . From the 
result of the correlation coeffidents, the accuracy of the 45 
present invention can be confirmed. 



(Talbe 1) 



COMPONENT 


CORRELATION 
LfUbrrlOicNT 


albumin 


0.999 


glotxjiin 


0.994 


hemoglobin 


0.986 


glucose 


0.964 


IHhium af*ptnaf*ptatp 




p-hydroxybutyric add 


0.997 


acetone 


0.999 


ditaurobilirutHn 


0.994 


urobilin 


0.994 


sodium nitrite 


0.998 


urea 


0.998 



Measurement can be made in higher accuracy by 
empbying an analytical technique such as multivariate 
regression analysis. 

(Example 14) 

Simultaneous Measurement of Plural Intra-Urinary 
Components through Multivariate Regression Analysis: 

150 mg/dl. 300 mg/dl and 450 mg/dl of urine. 600 
mg/dl. 1 .2 g/dl and 1 .8 g/dl of sodium nitrite and 300 
mgydl. 600 mg/dl and 900 mg/dl of acetone were added 
to normal urine in arbitrary combinations respectively 
for making spectral measurement, thereby determining 
concentrations through multivariate regression analysis. 

The concentration C of an arbitrary substance 
which is present in urine can be approximated in the fol- 
lowing equation: 

n 

C= £ k(k i) • A(X i) 



where k(Xj) represents the proportional constant at a 
50 wavenumber Xi, and A{Xi) represents Raman light inten- 
sity at the wavenumber Xi. 

The proportional constant k(Xi) is decided in the 
procedure of multivariate regression analysis so that the 
correlation between the concentration of a sample hav- 
55 ing a known analytical value and an estimated concen- 
tration is maximized. This calculation is previously 
integrated into commerdally available processing soft- 
ware and automatically caried out, so that this equation 
is formed e/ery intra-urinary substance whose concen- 
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tration is to be obtained. 

Processes from spectral measurement to concen- 
tri^tion determination were carried out along the flow 
chart of Fig. 1. In this example, no preprocess was 
made and QUANT+ by Perkin Elmer Co., Ltd. was 
employed as processing software. 

The PGR method was employed as the processing 
method. When full cross validation is performed, evalu- 
ation of accuracy of a calibration model can be omitted. 

Fig. 63 shows correlation diagrams of calculated 
values and measured values (reference values) 
obtained in this Example. The correlation coefficients 
and predictive standard deviations (SEP) were 0.986 
and 18.13 as to urea, 0.992 arxi 57.17 as to sodium 
nitrite, and 0. 956 and 69.74 as to acetone respectively. 
The predictive starrdard deviation SEP is calculated as 
follows: 



SEP= ly (di-D)^/(n-1)^ 



where di represents the difference between a calculated 
value by a calibration model and a measured value, D 
represents an average value of di, and n represents the 
nunnber of evaluation samples. 

It means that accuracy of a calibration nrxxjel is 
increased as SEP is reduced. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and Is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 

Claims 

1. A method of measuring protein by iradlating a 
sannple solution containing protein with excitation 
light of a single wavelength, receiving scattered 
light from said sample solution and separating the 
same into its spectral components for obtaining 
light scattering spectra, and quantitatively measur- 
ing protein through peak intensity of a spectrum in 
a shift wavenumber of 100 to 3100 cm*^ with 
respect to said excitation wavelength among said 
light scattering spectra or an integral value in a 
proper range therein. 

2. The method of measuring protein in accordance 
with claim 1 , wherein 

said protein is albumin, and peak intensity of 
a spectrum being shifted from said excitation wave- 
length to 810 to 840 cm'\ or an integral value of a 
proper range of a spectrum being shifted from an 
excitation wavelength of 532.8 nm to 256 to 1620 
cm'^ or from an excitation wavelength of 514.5 nm 
to 837 to 3060 cm'"* is employed. 



3. The method of measuring protein in accordance 
with claim 1. wherein 

said protein is y-globulin, and peak intensity 
of a spectrum being shifted from said excitation 
5 wavelength to 175 to 195 cm'\ 425 to 450 cm"\ 
640 to 670 cm'\ 820 to 845 cm-\ 845 to 870 CTr\'\ 
1370 to 1400 cm \ 1575 to 1620 cm \ 1850 to 
1900 cm \ 2000 to 2200 cm'\ 2350 to 2400 cm'^ 
or 2400 to 2460 cm^ is employed. 

10 

4. The method of measuring protein in accordance 
with dalm 1 , wherein 

said protein is hemoglobin, and peak inten- 
sity of a spectrum being shitted from said excitation 
15 wavelength to 640 to 670 cm'\ 820 to 845 cm'\ 
1370 to 1400 cm \ 1575 to 1620 cm \ 1850 to 
1900 cm \ 2000 to 2200 cm \ 2350 to 2400 cm'^ 
or 2400 to 2460 cm'^ is employed. 

20 5. A measuring method comprising the steps of: 

previously selecting a wavenumber having an 
excellent correlation between the concentration 
of a component and light scattering spectral 

25 intensity as a nrieasuring wavenumber being 

specific to said connponent as to each compo- 
nent of a body fluid to be measured: 
in'adiating a body fluid sample with excitation 
light for measuring light scattering spectral 

30 intensity at each said measuring wavenumber 

as to said each component to be measured or 
light scattering spectral cunrujlative intensity in 
each measuring wavenumber range; and 
simultaneously qualitatively/quantitatively ana- 

35 lyzing respective said components in said body 

fluid through a calibration curve being previ- 
ously prepared as to said light scattering spec- 
tral intensity at each said measuring 
wavenumber or said light scattering spectral 

40 cumulative intensity in said each measuring 

wavenumber range and the concentration of 
sakJ component. 

6. The measuring method in accordance with claim 5, 
45 wherein 

a plurality of conponents in sakj body fluid 
sannpte are simultaneously qualitatively/quantita- 
tively analyzed by multivariate regression analysis. 

50 7. In the measuring method in accadance with claim 
5, wherein 

said wavenumber having an excellent corre- 
lation between the concentration of said each com- 
ponent and said light scattering spectral intensity 
55 has a con-elation coefficient R of at least 0.8. prefer- 
ably at least 0.9, 

sakj correlation coefficient R being calcu- 
lated as follows: 
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£ {(xi-X)(yi.Y)} 

_ 

[X;(xi-X)2][£(yi.Y)2] 5 

where xi represents the concentration of each point 
of said component in said body fluid, yi represents 
Raman scattering spectral intensity with respect to io 
xi, X represents an average value of the concentra- 
tion of each point of said component in said body 
fluid, and Y represents an average value of said 
Raman scattering spectral intensrty. 

15 

In the measuring method in accordance with claim 
5. wherein 

at least one of albumin, globulin, hemo- 
globin, glucose, lithium acetoacetate, p-hydroxytxj- 
tyric acid, acetone, ditaurobilirubin, urobilin, sodium so 
nitrite, urea, uric acid, folic add, ascorbic acid, vita- 
min B2, CTeatine monohydrate. creatinine, a-amy- 
lase, p-amylase aixl ammonia is contained as a 
body fluid component to be measured, measuring 
wavenumbers or measuring wavertumber ranges 25 
for respective said components being 

selected from around 590 to 650 cm ^ around 
800 to 860 cm'\ and around 2342 to 2402 cm* 
^ for albumin. 30 
selected from around 158 to 218 cm \ around 
402 to 462 cm'\ around 623 to 683 cm'\ 
around 807 to 867 cm*\ around 822 to 862 cm* 
\ around 1353 to 1413 cm"\ around 1562 to 
1 622 cm"^ . around 1 847 to 1 907 cm \ around 3S 
2095 to 2155 cm \ around 2340 to 2400 cm*^ 
and around 2403 to 2463 cm*^ for globulin, 
selected from around 807 to 867 cm"\ around 
893 to 953 cm'\ around 1353 to 1413 cm'\ 
around 1562 to 1622 cm'\ around 1840 to 40 
1900 cm*\ around 2095 to 2155 cm"\ around 
2340 to 2400 cm'\ and around 2403 to 2463 
cm"^ for henioglobin, 

selected from around 200 to 554 cm'\ around 
810 to 944 cm'\ and around 2590 to 2940 cm* 45 
^ for glucose, 

selected from around 799 to 859 cm'\ around 
1353 to 1413 cm*\ around 1840 to 1900 cm'\ 
around 2347 to 2407 cm*^ . and around 2907 to 
2967 cm*^ for lithium acetoacetate, so 
selected from around 1420 to 1480 cm'\ 
around 1557 to 1617 an'\ around 1600 to 
1660 cm \ and around 2870 to 2971 cm*'' for 
p-hydroxybutyric add. 

selected from around 775 to 845 cm*"* . around 55 
1 050 to 1 1 1 0 cm \ around 1 207 to 1 267 cm'\ 
around 1399 to 1459 cm'\ 1680 to 1740 cm \ 
and around 291 1 to 2971 cm'^ for acetone, 
selected from around 927 to 987 cm'\ around 



1233 to 1293 cm'\ and around 1586 I0 1616 
cm*"" for ditaurobilirubin, 
selected as an arbitrary position from 332 to 
2900 cm* ^ for urobilin, 

selected from around 783 to 843 cm*\ and 
around 1318 to 1378 cm*^ for sodium nitrite, 
selected from around 501 to 561 cm'\ around 
567 to 627 cm'\ around 978 to 1048 cm*\ 
around 1033 to 1093 cm*\ around 1138 to 
1 198 cm'\ and around 1583 to 1643 cm*^ for 
urea. 

selected from around 640 to 700 cm'^ for uric 
acid, 

selected from around 631 to 691 cm*\ around 
816 to 876 cm"\ around 901 to 961 cm*\ 
around 1355 to 1415 cm"\ around 1562 to 
1622 cm*\ around 1847 to 1907 cm \ around 
2093 to 2153 cm* V around 2339 to 2399 cm'\ 
and around 2400 to 2460 cm*^ for folic acid, 
selected from around 800 to 860 crr\'\ around 
1673 to 1733 cvn'\ and around 2919 to 2979 
cm'^ for ascorbic acid, 

selected from around 404 to 464 cm'^ . around 
626 to 686 cxrv\ around 798 to 858 cm'\ 
around 860 to 920 cm*\ around 1317 to 1377 
cm*\ around 1546 to 1606 cm*\ around 1834 
to 1894 cm'\ around 2106 to 2166 cm'\ 
around 2360 to 2420 cm'^ and around 241 9 to 
2479 cm*"" for vitamin Bj. 
selected from around 800 to 860 cm'\ and 
around 1563 to 1623 cm*^ for creatine monohy- 
drate. 

selected from around 538 to 598 cm '^ 580 to 
640 cm*\ around 665 to 725 cm'\ around 817 
to 877 cm"\ around 868 to 928 cm* \ around 
1021 to 1081 ctr\-\ around 1550 to 1610 cvo'\ 
around 2868 to 2900 cm*\ around 2900 to 
2950 cm'\ and around 2950 to 2996 cm*^ for 
creatinine, 

selected from around 393 to 453 cm'^ , around 
631 to 691 cm*\ around 792 to 852 cm*\ 
around 868 to 928 cm'\ around 1333 to 1393 
cm'\ around 1546 to 1606 cm'\ around 1834 
to 1 894 cm*^ , and around 2334 to 2394 cm'^ for 
a-amylase. 

selected from around 376 to 436 cm*^ , around 
622 to 682 cm*\ around 783 to 843 cm'\ 
around 868 to 928 cm'\ around 1334 to 1394 
cm"\ around 1546 to 1606 cm*\ around 1834 
to 1 894 cm'^ , and around 2665 to 2725 cm*^ for 
p-anrrylase. 

selected from around 3190 to 3250 cm*\ 
around 3292 to 3350 cm \ and 3377 to 3437 
cm'^ for ammonia, 

selected from around 404 to 464 cm*^ . around 
805 to 865 cm'\ around 1014 to 1074 cm*\ 
around 1438 to 1498 cm* \ and around 2966 to 
3026 cm* ^ for inositol. 

selected from around 466 to 526 cm\ 835 to 
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895 cm-\ around 1032 to 1092 cm \ 1237 to 
1297 cm'\ around 1332 to 1392 cm*\ around 
1438 to 1498 cm*\ and around 2946 to 3006 
cm''' for galactose, and 

selected from around 569 to 629 cm"\ around 5 
772 to 832 cm \ around 1044 to 1106 cm \ 
around 1237 to 1297 cm'\ around 1438 to 
1498 cm'\ and around 2966 to 2996 cm'^ for 
fructose. 

10 

9. A measuring method comprising the steps of: 

Irradiating a body fluid sample with excitation 
light and measuring Raman scattering spectral 
intensity values at a plurality of wavenumbers is 
in an arbitrary wavenumber range; and 
simultaneously qualitatively/quantitatively ana- 
lyzing a plurality of components in said body 
fluid sample by multivariate regression analy- 
sis. 20 
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